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Synthesis of new 3‐alkyl indeno[1,2‐c]pyrazoles, possessing 4‐substituted thiazole moiety at position‐1
derived from 2‐acyl indane‐1,3‐diones, has been described. These compounds and their precursor were
screened for their antibacterial (Staphylococcus aureus, Bacillus subtilis, Escherichia coli) and antifungal
(Aspergillus niger, Candida albicans) activities.
J. Heterocyclic Chem., 00, 00 (2013).
INTRODUCTION

Pyrazole derivatives have played a crucial role in the
history of heterocyclic chemistry and have been used exten-
sively as important pharmacophores and synthons, because
they are known to possess a broad spectrum of biological
properties such as antimalarial [1], antidepressant [2],
hypoglycemic [3], and so on. Introducing a pyrazolidinone
ring [4] in place of the β‐lactam ring (in penicillins and
cephalosporins) [5] results in enhanced activity. Owing to
their versatile chemotherapeutic importance, a significant
amount of research effort has been focused on pyrazole
nucleus. Among the pyrazoles fused to carbocyclic and
heterocyclic ring systems, indenopyrazoles occupy a unique
position because of wide ranging biological activities such
as antihypertensive [6], anticancer [7], herbicidal [8],
antibacterial [9], antiviral [10], and so on associated with
them. On the other hand, sulfur and/or nitrogen heterocycles
that possess pharmaceutical activities widely occur in nature
in the form of alkaloids, vitamins, pigments, as constituents
of plant and animal cells and other bioactive natural
© 2013 HeteroC
products [11]. Thiazoles and their derivatives were espe-
cially reported to possess analgesic [12], antitumor [13],
antimicrobial [14], anti‐inflammatory [15], antipyretic
[16], antitubercular [17], antiHIV [18], diuretic [19],
anticonvulsant [20] activities, and so on. Antimicrobial
activities of some substituted thiazoles are well established,
because they possess (S C N) toxophoric unit. The designing
of new types of polyheterocyclic compounds along with the
refining of procedures for synthesis of these known
substances is an urgent target of the modern heterocyclic
chemistry. The need of making a large number of variously
substituted indenopyrazoles for biological screening led the
chemist to develop numerous methods of synthesis [21, 22]
in the past. Realizing the importance of the above biodynamic
heteryl nuclei, and in continuation of our interest in designing
the synthesis of biologically active nitrogen and sulfur
heterocycles, it was planned to synthesize a system thiazolyl
indenopyrazole that combines together two biolabile
components, which are indenopyrazole and 4‐substituted
thiazole, therefore, report herein, the synthesis and
antimicrobial (antibacterial and antifungal) activity of 16
orporation



Scheme 1
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new 3‐alkyl indeno[1,2‐c]pyrazoles, possessing 4‐substituted
thiazole moiety at position‐1 (5 and 6) and eight key
hydrazones (4) derived from 2‐acyl indane‐1,3‐diones (1).
RESULTS AND DISCUSSION

2‐Acyl indane‐1,3‐diones (1) needed for the purpose were
prepared by the Claisen condensation of RCOCH3 and
diethylphthlate under the influence of sodium methoxide
according to the literature procedure [23]. Condensation of
equimolar quantities of 2‐acylindane‐1,3‐dione (1) with
thiosemicarbazide in boiling absolute ethanol yielded the
corresponding thiosemicarbazones [24] in excellent yields,
which on treatment with different 4‐substituted phenacyl
Journal of Heterocyclic Chemi
bromides afforded the corresponding key hydrazones (4)
[25] in high yields. The hydrazones on cyclization in
boiling absolute alcohol in presence of glacial acetic
acid furnished pyrazoles (5) in good yields. The
indenopyrazoles (5) have also been obtained by the
condensation of the 2‐acylindane‐1,3‐dione (1) with
2‐hydrazino‐4‐substituted thiazoles, which first afforded
hydrazones (4) and then underwent cyclization in presence
of glacial acetic acid to afford pyrazoles (5). The assumption
that the condensation of the thiosemicarbazide/hydrazine
has occurred on the side chain carbonyl and not on 1‐ or
3‐position of indan‐1,3‐dione moiety finds support from
the results reported the literature [21b–d,26]. The
indenopyrazoles (5) on Wolf–Kishner reduction [27]
stry DOI 10.1002/jhet
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Table 2

In vitro antimicrobial activity (*pMIC) of compounds 4a–h, 5a–h, and 6a–h.

Compounds

Antibacterial activity Antifungal activity

B. subtilis S. aureus E. coli C. albicans A. niger

4a 1.159 1.460 1.460 1.460 1.460
4b 1.477 1.778 1.477 1.176 1.477
4c 0.893 1.495 1.495 1.194 1.495
4d 1.184 1.786 1.786 1.485 1.485
4e 1.176 1.176 1.176 1.477 1.477
4f 1.493 1.493 1.493 1.493 1.493
4g 0.908 1.510 1.510 1.510 1.510
4h 1.213 1.815 1.514 1.514 1.514
5a 1.137 1.438 1.438 1.137 1.438
5b 1.15 1.150 1.455 1.455 1.455
5c 1.173 1.474 1.474 1.474 1.474
5d 1.479 1.479 1.479 1.479 1.479
5e 1.455 1.455 1.455 1.455 1.455
5f 1.171 1.472 1.171 1.472 1.472
5g 1.189 1.490 1.490 1.490 1.496
5h 1.194 2.098 1.796 1.796 1.495
6a 1.420 1.119 1.420 1.420 1.420
6b 1.438 1.438 1.438 1.438 1.739
6c 1.458 1.458 1.458 1.458 1.759
6d 1.764 1.462 1.462 1.462 1.462
6e 1.739 1.739 1.438 1.438 1.438
6f 1.455 1.756 1.756 1.455 1.455
6g 1.474 1.775 1.474 1.474 1.775
6h 1.479 1.780 1.780 1.780 1.479
Norfloxacin 2.698 2.698 2.698 – –
Fluconazole – – – 3.000 3.000

*pMIC = −log MIC.
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yielded the corresponding indenopyrazoles (6) in moderate
yields (Scheme 1).
All the newly synthesized compounds, hydrazones (4)

and indenopyrazoles (5 and 6), were well characterized
by satisfactory spectroscopic (IR, 1H‐NMR, 13C‐NMR,
and mass) and analytical data (vide experimental). The
most characteristic feature of the IR spectra of hydrazones
(4) was that they displayed absorption bands of medium
intensity in the region at 3365–3271 cm−1 (N H and O H
stretch) and >C O and >C N sharp absorptions in region
1689–1682 cm−1 and 1641–1629 cm−1, respectively. The
1H‐NMR spectra of hydrazones (4) displayed 1H signal
due to NH (exchangeable with deuterium oxide) in the
region δ 12.33–13.03; however, the signal due to C2 H
could not be located. The aromatic protons were observed
in the region δ 6.91–8.10 and aliphatic CH3 protons of
ethyl group and CH2 protons of propyl group present on
C2‐1H‐indene‐1,3(2H)‐diones appeared in the regions at
δ 2.81–2.91 and 3.19–3.23, respectively. Further, the ratio
of aromatic to aliphatic protons was found satisfactory
(vide experimental). The IR spectra of indenopyrazoles (5)
exhibited strong >C O stretching in the region 1708–1702
cm−1 due to conjugated five‐membered cyclic ketone
[27a,28a]. The main characteristic feature of 1H‐NMR
spectra of these indenopyrazoles (5) is the downfield
Journal of Heterocyclic Chemi
shifting of C8 H (δ 8.38–8.46) when compared with other
aromatic protons due to anisotropic‐diamagnetic effect of
lone pair of electrons present on nitrogen and sulfur of
N1‐thiazole moiety [28]. The C3 CH3 and C3 CH2 protons
of ethyl group were observed in the region at δ 2.38–2.41
and 2.67–2.79, respectively. The other aromatic and aliphatic
protons were observed in the expected regions. The C3 CH3

and C3 CH2CH3 protons showed upfield shift [29] relative to
the corresponding protons in the hydrazones (4) coupled
with the observation that the IR spectra displayed strong
absorption bands in the region 1708 1702 cm−1 unequivocally
proves that cyclization of the hydrazones (4) has led to the
formation of indenopyrazoles (5). An examination of
13C‐NMR spectra of indenopyrazoles (5) displayed signals
in most downfield region at δ 183.66–184.12 corresponding
to the C4 carbons [30] and the signals in the regions at δ
148.17–153.29, δ 121.70–123.43, and δ 157.37–157.80 are
in agreement with the value recorded for the carbon atoms
C3, C3a, and C8b of pyrazole ring [31], respectively. The
chemical shifts in regions at δ 159.61–160.10(C2′), δ
153.26–154.32(C4′), and δ 109.13–110.49(C5′) corroborate
the thiazole character of N1‐thiazole moiety [32]. The
chemical shift signals in aromatic regions at δ 123.64–124.12,
δ 127.61–130.50, δ 132.59–133.71, and δ 123.91–124.87
corresponds to C5, C6, C7, and C8, respectively, which are
stry DOI 10.1002/jhet
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Figure 1. In vitro antimicrobial activity (pMIC) of compounds 4a–h, 5a–h, and 6a–h. [Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]
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in agreement with the results reported in literature [30]. The
signals of other aliphatic and aromatic carbons were
observed in the expected region (Table 1).
The IR spectra of indenopyrazoles (6) displayed strong

absorptions in the region at 1544–1534 cm−1 presumably
due to endo CN, which is supported by the values assigned
in literature [33]. The disappearance of >C O stretch due
to conjugated five‐membered cyclic ketone in IR spectra of
indenopyrazoles (6) as exhibited by indenopyrazoles (5)
and appearance of singlets in 1H‐NMR spectra in the region
δ 3.63–3.67 (2H) assignable to C4 protons along with
downfield shifting of C8 H (δ 8.64–8.84) presumably due
to increased anisotropic‐diamagnetic effect of N1‐thiazole
moiety as the hybridization state of C4 changes from sp2 to sp3

confirmsWolf–Kishner reduction of 5→ 6 (>C O→>CH2).
The other aromatic protons, however, appeared in the
expected regions (vide experimental). Further, the mass
spectral data and analytical data of 4, 5, and 6 are in
agreement with their molecular formula.
All the 24 newly synthesized compounds 4a–h, 5a–h,

and 6a–h were tested in vitro for their antimicrobial activity
against two Gram‐positive bacteria, that is, Bacillus subtilis
(MTCC 441) and Staphylococcus aureus (MTCC 7443),
one Gram‐negative bacteria, that is, Escherichia coli
(MTCC 42), and two fungi, that is, Candida albicans
(MTCC 183) and Aspergillus niger (MTCC 282). Serial
tube dilution technique [34] was used to determine minimum
inhibitory concentration (MIC). pMIC equals to negative
logarithm of MIC was calculated (Table 2).
Most of the compounds exhibited moderate to good

antimicrobial activity against the tested microorganisms.
In comparing their pMIC values with Norfloxacin, all the
compounds were effective against E. coli, and compounds
4d, 5h, and 6f especially showed very high activity. All
the compounds were effective against S. aureus but
compounds 4b, 4d, 4h, 5h, 6e, 6f, 6g, and 6h exhibited
very high activity. Compound 5h displayed inhibitory
Journal of Heterocyclic Chemi
activity almost similar to Norfloxacin against S. aureus,
whereas compounds 4e, 5b, and 6a exhibited moderate
level of activity. Compounds 4c and 4g were less effective
against B. subtilis, whereas compounds 4a, 4d, 4e, 4h, 5f,
5g, and 5h were found moderatively active in comparison
with Norfloxacin. All the newly synthesized compounds
(4a–h, 5a–h, and 6a–h) were assayed for antifungal
activity. Compounds 5h and 6h exhibited strong antifungal
activity against C. albicans and compounds 4b, 4c, and 5a
showed moderate activity in comparing their pMIC with
Fluconazole, whereas compounds 6b, 6c, and 6g displayed
very strong activity against A. niger. A careful analysis of
pMIC data shows some interesting trends. Comparison of
pMIC data of N1‐thiazolyl hydrazones (4a–h) and
N1‐thiazolylindenopyrazoles (5a–h and 6a–h) revealed that
the cyclization of hydrazones (4) to pyrazoles (5,6) leads to
significant increase in their antimicrobial activity (Fig. 1).
The potent antimicrobial activity exhibited by 4d, 4h, 5d,
5h, 6d, and 6hmay be due to the presence of 4‐chlorophenyl
pharmacophore at C4 of the thiazole moiety. The present
study highlights the importance of indenopyrazole and
4‐substituted thiazole ring features responsible for the
inhibitory action against the microorganisms and, therefore,
may serve as a lead molecule for further modifications to
obtain clinically useful novel entities.
CONCLUSION

In conclusion, we have prepared successfully eight new
N1‐thiazolyl hydrazones (4a–h) and 16 indenopyrazoles
(5a–h and 6a–h) using easily obtainable compounds
1‐, 2‐, 3‐, and 4‐substituted phenacyl bromides under
environmentally benign conditions and their in vitro
antimicrobial activities were evaluated. The compounds
containing 4‐chlorophenyl pharmacophore at C4 of the
thiazole moiety (4d, 4h, 5d, 5h, 6d, and 6h) exhibited
significant antimicrobial activities.
stry DOI 10.1002/jhet
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EXPERIMENTAL

Melting points were determined in open capillaries and are
uncorrected. The IR absorption spectra were scanned on Perkin
Elmer Spectrum, BX II FTIR spectrometer using potassium
bromide (KBr) pellets, and the wave numbers were given in cm−1.
The 1H‐NMR spectra and 13C‐NMR were recorded on Bruker
Avance II 400 spectrometer at 400 and 100 MHz, respectively,
in CDCl3 or CDCl3 + DMSO‐d6 or DMSO‐d6. The chemical shifts
are reported in parts per million (δ, ppm) using tetramethylsilane
(TMS) as an internal standard. Coupling constants J are valued
in Hertz (Hz). Mass spectra were recorded on Waters Micromass
Q‐Tof Micro (ESI) spectrometer. Elemental analysis was carried
out using Vario Micro Cube Elementar CHNS analyser. Analyti-
cal results for C, H, N, and S were within ±0.4% of the
theoretical values. The purities of the compounds were checked
by thin layer chromatography (TLC) using readymade silica gel
(SIL G/UV254, ALUGRAM) plates. The spots were visualized
under ultraviolet (UV) lamp. Solvents were dried using standard
literature procedures. 2‐Acyl indane‐1,3‐diones (1) [23] and
2‐hydrazino‐4‐substituted thiazoles (3) [35] were prepared
according to literature procedures. Norfloxacin (GMHLaboratories,
Baddi, H. P., India) and fluconazole (Aurobindo Pharmaceuticals,
Mandal, A. P., India) were used as reference antimicrobial agents
against the tested microorganisms.

Synthesis of thiosemicarbazone of 2‐acyl indane‐1,3‐diones
(2a and 2b). The thiosemicarbazones 2 were prepared by
condensation of equimolar quantities of 2‐acyl indane‐1,3‐dione
(1) and thiosemicabazide in absolute alcohol as per literature
procedure [24].

Synthesis of 2‐(1‐(2‐(4‐phenylthiazol‐2‐yl)hydrazono)
ethyl)‐1H‐indene‐1,3(2H)‐dione (4a). To a suspension of 2a
(1.30 g, 5 mmol) and sodium acetate (0.41 g, 5 mmol) in
absolute ethanol (25 mL), phencyl bromide (0.99 g, 5 mmol)
was added slowly with stirring, and the reaction mixture was
gently refluxed for 30 min and then allowed to stand at room
temperature. The yellowish solid thus obtained was filtered and
washed with ethanol to give 4a in excellent yield 1.49 g (83%),
mp 202–204°C; IR (KBr): NH 3357, CO 1687, CN 1643 cm−1;
1H‐NMR (DMSO‐d6): δ 2.81 (s, 3H, CH3), 7.22–7.69 ( m, 8H,
ArH and 5′‐thiazole H), 7.73–7.76 (m, 2H, 4‐, and 7‐H), 12.33
(br s, 1H, NH, deuterium oxide exchangeable); ms: (TOF MS
ES+) m/z 360.09 (M)+. Anal. Calcd. for C20H15N3O2S: C,
66.46; H, 4.18; N, 11.63; S, 8.87. Found: C, 66.74; H, 3.83; N,
11.70; S, 9.26.

Following exactly the same procedure as detailed in 4a, the
other hydrazones 4b–h were prepared from the corresponding
p‐substituted phenacyl bromides and thiosemicarbazones of
2‐acyl indane‐1,3‐dione (2). The physical, spectral, and analytical
data for these compounds are given as follows.

2‐(1‐(2‐(4‐p‐Tolylthiazol‐2‐yl)hydrazono)ethyl)‐1H‐indene‐
1,3(2H)‐dione (4b). The compound 4b was obtained as orange
yellow solid, 79% yield, mp 214–216°C; IR (KBr): NH 3354,
CO 1682, CN 1641 cm−1; 1H‐NMR (DMSO‐d6): δ 2.45 (s, 3H,
CH3), 2.91 (s, 3H, CH3), 7.23–7.74 ( m, 7H, ArH, and 5′‐thiazole
H), 7.99–8.02 (m, 2H, 4‐ and 7‐H), 13.03 (br s, 1H, NH,
deuterium oxide exchangeable); ms: (TOF MS ES+) m/z 398.21
(M+Na)+. Anal. Calcd. for C21H17N3O2S: C, 67.18; H, 4.56; N,
11.19; S, 8.54. Found: C, 66.84; H, 4.33; N, 10.85; S, 8.93.

2‐(1‐(2‐(4‐(4‐Methoxyphenyl)thiazol‐2‐yl)hydrazono)ethyl)‐
1H‐indene‐1,3(2H)‐dione (4c). The compound 4c was obtained
as orange yellow solid, 84% yield, mp 230–232°C; IR (KBr):
Journal of Heterocyclic Chemi
NH 3271, CO 1684, CN 1637 cm−1; 1H‐NMR (CDCl3): δ 2.85
(s, 3H, CH3), 3.83 (s, 3H, OCH3), 6.92–7.74 ( m, 7H, ArH, and
5′‐thiazole H), 8.03‐8.06 (m, 2H, 4‐ and 7‐H), 13.03 (br s, 1H,
NH, deuterium oxide exchangeable); ms: (TOF MS ES+) m/z
392.12 (M+H)+. Anal. Calcd. for C21H17N3O3S: C, 64.43;
H, 4.38; N, 10.73; S, 8.19. Found: C, 64.29; H, 4.27; N, 11.03;
S, 8.57.

2‐(1‐(2‐(4‐(4‐Chlorophenyl)thiazol‐2‐yl)hydrazono)ethyl)‐
1H‐indene‐1,3(2H)‐dione (4d). The compound 4d was obtained
as yellow solid, 80% yield, mp 250–252°C; IR (KBr): NH 3290
CO 1687, CN 1633 cm−1; 1H‐NMR (DMSO‐d6): δ 2.91 (s, 3H,
CH3), 7.33–7.74 ( m, 7H, ArH and 5′‐thiazole H), 8.08–8.10
(m, 2H, 4‐, and 7‐H), 13.01 (br s, 1H, NH, deuterium oxide
exchangeable); ms: (TOF MS ES+) m/z 395.05 (M)+, 396.11 (M
+1)+, 397.21 (M+2)+. Anal. Calcd. for C20H14ClN3O2S: C,
60.68; H, 3.56; N, 10.61; S, 8.10. Found: C,60.35; H, 3.86;
N,10.95; S, 8.32.

2‐(1‐(2‐(4‐Phenylthiazol‐2‐yl)hydrazono)propyl)‐1H‐indene‐
1,3(2H)‐dione (4e). The compound 4e was obtained as orange
yellow solid, 84% yield, mp 184–186°C; IR (KBr): NH 3353,
CO 1686, CN 1629 cm−1; 1H‐NMR (CDCl3): δ 1.29 (t, 3H,
ethyl‐CH3), 3.23 (q, 2H, ethyl‐CH2), 7.60 (m, 8H, ArH, and
5′‐thiazole H), 8.07–8.09 (m, 2H, 4‐ and 7‐H), 12.98 (br s, 1H,
NH, deuterium oxide exchangeable); ms: (TOF MS ES+) m/z
375.1 (M)+. Anal. Calcd. for C21H17N3O2S: C, 67.18; H, 4.56;
N, 11.19; S, 8.54. Found: C, 66.79; H, 4.17; N, 11.05; S, 8.73.

2‐(1‐(2‐(4‐p‐Tolylthiazol‐2‐yl)hydrazono)propyl)‐1H‐indene‐
1,3(2H)‐dione (4f). The compound 4f was obtained as orange
yellow solid, 81% yield, mp 206–208°C; IR (KBr): NH 3365,
CO 1683, CN 1638 cm−1; 1H‐NMR (DMSO‐d6): δ 1.28
(t, 3H, ethyl‐CH3), 2.35 (s, 3H, CH3), 3.20 (q, 2H, ethyl‐CH2),
7.18–7.62 ( m, 7H, ArH, and 5′‐thiazole H), 7.64–7.66 (m, 2H,
4‐ and 7‐H), 12.34 (br s, 1H, NH, deuterium oxide
exchangeable); ms: (TOF MS ES+) m/z 390.1 (M+H)+. Anal.
Calcd. for C22H19N3O2S: C, 67.84; H, 4.92; N, 10.79; S,
8.23. Found: C, 68.07; H, 4.72; N, 10.43; S, 7.87.

2‐(1‐(2‐(4‐(4‐Methoxyphenyl)thiazol‐2‐yl)hydrazono)propyl)‐
1H‐indene‐1,3(2H)‐dione (4g). The compound 4g was
obtained as orange yellow solid, 81% yield, mp 200–202°C;
IR (KBr): NH 3267, CO 1683, CN 1633 cm−1; 1H‐NMR
(DMSO‐d6): δ 1.28 (t, 3H, ethyl‐CH3), 3.23 (q, 2H, ethyl‐
CH2), 3.82 (s, 3H, OCH3), 6.91–7.78 ( m, 9H, ArH, and
5′‐thiazole H), 12.39 (br s, 1H, NH, deuterium oxide
exchangeable); ms: (TOF MS ES+) m/z 406.11 (M+H)+. Anal.
Calcd. for C22H19N3O3S: C, 65.17; H, 4.72; N, 10.36; S,
7.91. Found: C, 65.07; H, 4.39; N, 10.21; S, 7.82.

2‐(1‐(2‐(4‐(4‐Chlorophenyl)thiazol‐2‐yl)hydrazono)propyl)‐
1H‐indene‐1,3(2H)‐dione (4h). The compound 4h was
obtained as orange yellow solid, 83% yield, mp 216–218°
C; IR (KBr): NH 3346, CO 1689, CN 1637 cm−1;
1H‐NMR (DMSO‐d6): δ 1.28 (t, 3H, ethyl‐CH3), 3.19
(q, 2H, ethyl‐CH2), 7.36–7.65 ( m, 7H, ArH, and 5′‐thiazole
H), 7.78–7.80 (m, 2H, 4‐ and 7‐H), 12.98 (br s, 1H, NH,
deuterium oxide exchangeable); ms: (TOF MS ES+) m/z
409.07 (M)+, 410.07 (M+1)+, 411.07 (M+2)+. Anal. Calcd. for
C21H16ClN3O2S: C, 61.53; H, 3.93; N, 10.25; S, 7.82. Found:
C, 61.47; H, 4.21; N, 9.98; S, 8.01.

The thiazolyl hydrazones 4a–h were also prepared by refluxing
the equimolar mixture of 2‐acyl indane‐1,3‐dione (1; 5 mmol) and
2‐hydrazino‐4‐substituted thiazoles (3; 5 mmol) in dry ethanol for
15–20 min. The mixture was cooled, filtered, washed with cold
stry DOI 10.1002/jhet
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ethanol, and air‐dried to give yellow solid, yield 1.66 g (92%) of
4a, 1.67 g (89%) of 4b, 1.77 g (91%) of 4c, 1.71 g (91%) of 4d,
1.70 g (91%) of 5e, 1.75 g (90%) of 5f, 1.80 g (89%) of 5g, and
1.91 g (93%) of 5h. The physical, spectral, and analytical data for
these compounds correspond to thiazolyl hydrazones 4a–h syn-
thesized by earlier method.

Synthesis of 3‐methyl‐1‐(4‐phenylthiazol‐2‐yl)indeno
[1,2‐c]pyrazol‐4(1H)‐one (5a). The hydrazone 4a (1.80 g,
5 mmol) was refluxed in a solution of 75 mL ethanol‐acetic
acid (2:1) for 5 h. The reaction mixture was concentrated, and
the precipitates thus obtained were separated by filtration,
which on recrystallization from chloroform afforded yellow
needles of 5a, yield 1.25 g (73%); mp 210–212°C; IR (KBr):
CO 1702, CN 1607 cm−1; 1H‐NMR (DMSO‐d6): δ 2.39
(s, 3H, CH3), 7.39–7.59 (m, 6H, ArH), 7.76 (s, 1H,
5′‐Thiazole H), 7.97 (d, 2H, 2″‐, 6″‐H, J = 7.76 Hz ), 8.46 (dd, 1H,
8‐H, J = 7.16, 2.41 Hz); 13C‐NMR (DMSO‐d6): δ 12.61, 109.88,
122.96, 123.64, 123.91, 126.01, 128.72, 128.93 130.23, 132.25,
133.71, 133.89, 140.27, 149.07, 154.29, 157.37, 159.7, 184.22; ms:
(TOF MS ES+) m/z 344.09 (M+H)+. Anal. Calcd. for C20H13N3OS:
C, 69.95; H, 3.82; N, 12.24; S, 9.34. Found: C, 69.73; H, 3.46; N,
11.96; S, 9.22.

Following exactly the procedure as employed for 5a, the
indenopyrazoles 5b–h were synthesized from the corresponding
hydrazones 4b–h. The physical, spectral, and analytical data for
these compounds are given as follows.

3‐Methyl‐1‐(4‐p‐tolylthiazol‐2‐yl)indeno[1,2‐c]pyrazol‐4
(1H)‐one (5b). The compound 5b was obtained as yellow
needles (chloroform), 71% yield, mp 208–210°C; IR (KBr): CO
1707, CN 1621 cm−1; 1H‐NMR (DMSO‐d6): δ 2.38 (s, 3H, CH3),
2.41 (s, 3H, CH3), 7.30 (d, 2H, 3″‐, 5″‐H, J = 7.95 Hz), 7.39–7.41
(m, 1H, 6‐H), 7.51–7.55 (m, 2H, 5‐, 7‐H), 7.62 (s, 1H, 5′‐H), 7.83
(d, 2H, 2″‐, 6″‐H, J = 7.96 Hz), 8.42 (dd, 1H, 8‐H, J = 7.56, 2.40
Hz); 13C‐NMR (CDCl3): δ 12.66, 21.34, 109.78, 123.41, 123.93,
124.14, 125.97, 129.61, 130.40, 131.25, 132.59, 133.30, 138.49,
140.13, 148.17, 153.26, 157.41, 159.61, 184.14; ms: (TOF MS
ES+) m/z 380.3 (M+Na)+. Anal. Calcd. for C21H15N3OS: C,
70.57; H, 4.23; N, 11.76; S, 8.97. Found: C, 70.31; H, 4.13;
N,12.15; S, 9.29.

1‐(4‐(4‐Methoxyphenyl)thiazol‐2‐yl)‐3‐methylindeno
[1,2‐c]pyrazol‐4(1H)‐one (5c). The compound 5c was obtained as
yellow needles (chloroform), 75% yield, mp 204–206°C; IR (KBr):
CO 1708, CN 1606 cm−1; 1H‐NMR (DMSO‐d6): δ 2.38 (s, 3H,
CH3), 3.87 (s, 3H, OCH3), 7.03 (d, 2H, 3″‐, 5″‐H, J = 8.40 Hz),
7.39–7.42 (m, 1H, 6‐H), 7.53–7.57 (m, 3H, 5‐, 7‐, and 5′‐thiazole
H), 7.88 (d, 2H, 2″‐, 6″‐H, J = 8.44 Hz), 8.42 (dd, 1H, 8‐H, J
= 7.4, 2.41 Hz); 13C‐NMR (CDCl3): δ 12.68, 55.40, 108.81,
114.29, 123.43, 123.90, 124.21, 126.89, 127.38, 130.44,
132.65, 133.34, 140.20, 148.23, 153.04, 157.45, 159.70,
159.89, 184.20; ms: (TOF MS ES+) m/z 396.3 (M+Na)+. Anal.
Calcd. for C21H15N3O2S: C, 67.54; H, 4.05; N, 11.25; S, 8.59.
Found: C, 67.32; H, 4.11; N, 11.57; S, 8.78.

1‐(4‐(4‐Chlorophenyl)thiazol‐2‐yl)‐3‐methylindeno[1,2‐c]
pyrazol‐4(1H)‐one (5d). The compound 5d was obtained as
yellow needles (chloroform), 69% yield, mp 240–242°C; IR
(KBr): CO 1708, CN 1635 cm−1; 1H‐NMR (DMSO‐d6): δ 2.41
(s, 3H, CH3), 7.37–7.40 (m, 1H, 6‐H), 7.48 (d, 2H, 2″‐, 6″‐H,
J = 8.24 Hz), 7.52–7.57 (m, 3H, 5‐,7‐, and, 5′‐thiazole H),
7.89 (d, 2H, 3″‐, 5″‐H, J = 8.2 Hz), 8.38 (dd, 1H, 8‐H, J = 7.20,
2.43 Hz); 13C‐NMR (DMSO‐d6): δ 12.7, 109.5, 123.09, 123.68,
124.42, 127.61, 128.40, 129.12, 131.79, 132.93, 133.78, 134.10,
140.12, 148.91, 153.65, 157.37, 159.89, 184.91; ms: (TOF MS
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ES+) m/z 377.01 (M)+, 378.3 (M+1)+, 379.04 (M+2)+; Anal.
Calcd. for C20H12ClN3OS: C, 63.57; H, 3.20; N, 11.12; S, 8.49.
Found: C, 63.21; H, 3.57; N, 10.92; S, 8.59.

3‐Ethyl‐1‐(4‐phenylthiazol‐2‐yl)indeno[1,2‐c]pyrazol‐4
(1H)‐one (5e). The compound 5e was obtained as yellow needles
(chloroform), 74% yield, mp 148–150°C; IR (KBr): CO 1703
cm−1, CN 1610 cm−1; 1H‐NMR (CDCl3): δ 1.35 (t, 3H, ethyl‐CH3),
2.67 (q, 2H, ethyl‐CH2), 7.14–7.41 (m, 7H, 5′‐thiazole H and ArH),
7.74 (d, 2H, 2″‐, 6″‐H, J = 7.12 Hz), 8.41 (dd, 1H, 8‐H, J = 7.32,
2.27 Hz); 13C‐NMR (CDCl3): δ 12.40, 21.05, 110.49, 122.91,
123.79, 124.02, 125.97, 128.45, 128.86, 130.28, 132.59, 133.14,
133.87, 140.02, 153.0, 154.09, 157.55, 159.78, 183.67; ms:
(TOF MS ES+) m/z 358.6 (M+H)+; Anal. Calcd. for
C21H15N3OS: C, 70.57; H, 4.23; N, 11.76; S, 8.97. Found: C,
70.69; H, 4.07; N, 11.60; S, 8.69.

3‐Ethyl‐1‐(4‐p‐tolylthiazol‐2‐yl)indeno[1,2‐c]pyrazol‐4
(1H)‐one (5f). The compound 5f was obtained as yellow needles
(chloroform), 65% yield, mp 160–162°C; IR (KBr): CO 1702,
CN 1609 cm−1; 1H‐NMR (CDCl3): δ 1.39 (t, 3H, ethyl‐CH3),
2.41 (s, 3H, CH3), 2.75 (q, 2H, ethyl‐CH2), 7.21–7.31 (m, 4H,
5′‐thiazole H and ArH), 7.40 (m, 1H, 7‐H), 7.53 (d, 1H, 5‐H,
J = 7.24 Hz), 7.75 (d, 2H, 2″‐, 6″‐H, J = 8.16 Hz), 8.39 (dd,
1H, 8‐H, J = 7.40, 2.32 Hz); 13C‐NMR (CDCl3): δ 12.50,
21.10, 21.35, 109.82, 122.96, 123.91, 124.17, 126.0, 129.63,
130.42, 131.33, 132.81, 133.31, 138.50, 140.23, 153.29,
154.32, 157.80, 159.82, 183.90; ms: (TOF MS ES+) m/z
394.3 (M+Na)+. Anal. Calcd. for C22H17N3OS: C, 71.14; H,
4.61; N, 11.31; S, 8.63. Found: C, 69.99; H, 4.47; N, 10.98;
S, 8.33.

3‐Ethyl‐1‐(4‐(4‐methoxyphenyl)thiazol‐2‐yl)indeno[1,2‐c]
pyrazol‐4(1H)‐one (5g).. The compound 5g was obtained as
yellow needles (chloroform), 73% yield, mp 154–156°C; IR
(KBr): CO 1702, CN 1610 cm−1; 1H‐NMR (DMSO‐d6): δ 1.32
(t, 3H, ethyl‐CH3), 2.76 (q, 2H, ethyl‐CH2), 3.88 (s, 3H,
OCH3), 7.00 (d, 2H, 3″‐, 5″‐H, J = 8.22 Hz), 7.25–7.52 (m, 4H,
5′‐thiazole H and ArH), 7.82 (d, 2H, 2″‐, 6″‐H, J = 8.24 Hz),
8.40 (dd, 1H, 8‐H, J = 7.12, 2.29 Hz); 13C‐NMR (DMSO‐d6): δ
12.44, 21.01, 55.37, 109.13, 114.30, 122.77, 123.30, 123.81,
124.07, 127.35, 130.50, 132.72, 133.42, 140.11, 152.99,
154.08, 157.66, 159.84, 159.95, 183.69; ms: (TOF MS ES+)
m/z 388.4 (M+H)+. Anal. Calcd. for C22H17N3O2S: C, 68.20;
H, 4.42; N, 10.85; S, 8.28.Found: C, 68.57; H, 4.21; N, 10.73;
S, 8.39.

1‐(4‐(4‐Chlorophenyl)thiazol‐2‐yl)‐3‐ethylindeno[1,2‐c]
pyrazol‐4(1H)‐one (5h). The compound 5h was obtained as
yellow needles (chloroform), 72% yield, mp 210–212°C; IR
(KBr): CO 1702, CN 1629 cm−1; 1H‐NMR (DMSO‐d6): δ
1.34 (t, 3H, ethyl‐CH3), 2.79 (q, 2H, ethyl‐CH2), 7.39–7.57
(m, 6H, 5′‐thiazole H, and ArH), 7.88 (d, 2H, 3″‐, 5″‐H, J =
8.12Hz), 8.39 (d, 1H, 8‐H, J = 7.54, 2.32 Hz); 13C‐NMR
(DMSO‐d6): δ 12.51, 21.2, 109.7, 121.7, 124.12, 124.87,
127.70, 128.86, 129.84, 131.44, 133.21, 133.92, 135.50,
140.02, 153.12, 154.13, 157.43, 160.10, 183.99; ms: (TOF
MS ES+) m/z 392.3 (M+1)+, 393.04 (M+2)+, 394.3(M+3)+.
Anal. Calcd. for C21H14ClN3OS: C, 64.36; H, 3.60; N,
10.72; S, 8.18. Found: C, 64.26; H, 3.87; N, 11.17; S, 8.53.

Synthesis of 2‐(3‐methylindeno[1,2‐c]pyrazol‐1(4H)‐yl)‐4‐
phenylthiazole (6a). The solution of indenopyrazole 5a (0.34 g,
1 mmol), ethylene glycol (5 mL), hydrazine hydrate (1 mL),
and KOH (0.5 mL) was heated to 120°C for 1 h and at 180°C
for 4 h. Thereafter, the reaction mixture was poured in cold
water, the solid thus obtained was filtered, washed with water,
stry DOI 10.1002/jhet
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dried and recrystallized from benzene to give colorless needles of
6a in moderate yield 174 mg (53%); mp 160–162°C; IR (KBr):
CN 1535 cm−1; 1H‐NMR (CDCl3): δ 2.39 (s, 3H, CH3), 3.63 (s,
2H, 4‐H), 7.18–7.60 (m, 7H, 5′‐thiazole H and ArH), 7.93 (d,
2H, 2″‐, 6″‐H, J = 7.8 Hz), 8.79 (dd, 1H, 8‐H, J = 7.5, 2.37
Hz); ms: (TOF MS ES+) m/z 352.1 (M+Na)+. Anal. Calcd. for
C20H15N3S: C, 72.92; H, 4.59; N, 12.76; S, 9.73. Found: 73.04;
H, 4.28; N, 12.46; S, 9.76.

Following exactly the procedure as detailed for synthesis of 6a,
the indenopyrazoles 6b–h were prepared from the corresponding
indenopyrazoles 5b–h. The physical, spectral, and analytical data
of these compounds are given as follows.

2‐(3‐Methylindeno[1,2‐c]pyrazol‐1(4H)‐yl)‐4‐p‐tolylthiazole
(6b). The compound 6b was obtained as colorless crystals
(benzene), 57% yield, mp 196–198°C; IR (KBr): CN 1542
cm−1; 1H‐NMR (CDCl3): δ 2.42 (s, 3H, CH3), 2.56 (s, 3H,
CH3), 3.67 (s, 2H, 4‐H), 7.13–7.53 (m, 6H, 5′‐thiazole H and
ArH), 7.88 (d, 2H, 2″‐, 6″‐H, J = 5.7 Hz), 8.82 (dd, IH, 8‐H,
J = 7.2, 2.50 Hz); ms: (TOF MS ES+) m/z 366.2 (M+Na)+.
Anal. Calcd. for C21H17N3S: C, 73.44; H, 4.99; N, 12.23; S,
9.34. Found: C, 73.19; H, 4.98; N, 11.56; S, 9.58.

4‐(4′‐Methoxyphenyl)‐2‐(3‐methylindeno[1,2‐c]pyrazol‐1
(4H)‐yl) thiazole (6c). The compound 6c was obtained as
colorless crystals (benzene), 55% yield, mp 180–182°C; IR
(KBr): CN 1537 cm−1; 1H‐NMR (DMSO‐d6): δ 2.33 (s, 3H,
CH3), 3.65 (s, 2H, 4‐H), 3.86 (s, 3H, OCH3), 7.20–7.79 (m,
6H, 5′‐thiazole H and ArH), 7.93 (d, 2H, 2″‐, 6″‐H, J = 8.4
Hz), 8.74 (dd, 1H, 8‐H, J = 7.5, 2.41 Hz); ms: (TOF MS ES+)
m/z 360.1 (M+H)+. Anal. Calcd. for C21H17N3OS: C, 70.17;
H, 4.77; N, 11.69; S, 8.92. Found: C, 69.82; H, 4.81; N,
12.01; S, 8.63.

4‐(4‐Chlorophenyl)‐2‐(3‐methylindeno[1,2‐c]pyrazol‐1
(4H)‐yl)thiazole (6d). The compound 6d was obtained as colorless
crystals (benzene), 51% yield, mp 174–176°C; IR (KBr): CN 1534
cm−1; 1H‐NMR (DMSO‐d6): δ 2.33 (s, 3H, CH3), 3.65 (s, 2H,
4‐H), 7.34–7.59 (m, 5H, ArH), 7.94 (s, IH, 5′‐thiazole H), 8.01
(d, 2H, 3″‐,5″‐H, J = 7.5 Hz), 8.64 (dd, 1H, 8‐H, J = 7.8, 2.37
Hz); ms: (TOF MS ES+) m/z 364.1 (M+H)+, 365.03 (M+2)+,
366.1 (M+3)+, 386.1 (M+Na)+. Anal. Calcd. for C20H14ClN3S:
C, 66.02; H, 3.88; N, 11.55; S, 8.81. Found: C, 65.73; H, 4.18;
N, 11.21; S, 8.73.

2‐(3‐Ethylindeno[1,2‐c]pyrazol‐1(4H)‐yl)‐4‐phenylthiazole
(6e). The compound 6ewas obtained as colorless crystals (benzene),
51% yield, mp 174–176°C; IR (KBr): CN 1534 cm−1; 1H‐NMR
(CDCl3): δ 1.39 (t, 3H, ethyl‐CH3), 2.82 (q, 2H, ethyl‐CH2), 3.66
(s, 2H, 4‐H), 7.29–7.56 (m, 7H, 5′‐thiazole‐H and ArH), 7.99
(d, 2H, 2″‐, 6″‐H, J = 7.8 Hz), 8.83 (dd, 1H, 8‐H, J = 7.5, 2.51
Hz); ms: (TOF MS ES+) m/z 344.2 (M+H)+. Anal. Calcd. for
C21H17N3S: C, 73.44; H, 4.99; N, 12.23; S, 9.34. Found: C,
73.74; H, 4.73; N, 11.97; S, 9.19.

2‐(3‐Ethylindeno[1,2‐c]pyrazol‐1(4H)‐yl)‐4‐p‐tolylthiazole
(6f). The compound 6f was obtained as deep red needles
(benzene), 53% yield, mp 158–160°C; IR (KBr): CN 1544 cm−1;
1H‐NMR (CDCl3): δ 1.38 (t, 3H, ethyl‐CH3), 2.43 (s, 3H,
CH3), 2.83 (q, 2H, ethyl‐CH2), 3.65 (s, 2H, 4‐H), 7.30 (d,
2H, 3″‐, 5″‐H, J = 8.1 Hz), 7.47–7.82 (m, 4H, 5′‐thiazole‐H
and ArH), 8.03–8.06 (d, 2H, 2″‐, 6″‐H, J = 8.1 Hz), 8.84
(dd, 1H, 8‐H, J = 7.5, 2.50 Hz); ms: (TOF MS ES+) m/z
358.1 (M+H)+, 380.1 (M+Na)+. Anal. Calcd. for C22H19N3S:
C, 73.92; H, 5.36; N, 11.75; S, 8.97. Found: C, 73.88; H,
5.23; N, 12.17; S, 9.12.
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2‐(3‐Ethylindeno[1,2‐c]pyrazol‐1(4H)‐yl)‐4‐(4‐methoxyphenyl)
thiazole (6g). The compound 6g was obtained as colorless
crystals (benzene), 57% yield, mp 196–198°C; IR (KBr): CN
1534 cm−1; 1H‐NMR (DMSO‐d6): δ 1.39 (t, 3H, ethyl‐CH3),
2.83 (q, 2H, ethyl‐CH2), 3.66 (s, 2H, 4‐H), 3.81 (s, 3H, OCH3),
7.17–7.82 (m, 6H, 5′‐thiazole H and ArH), 8.04 (d, 2H, 2″‐,
6″‐H, J = 8.4 Hz), 8.80 (dd, 1H, 8‐H, J = 7.5, 2.57 Hz); ms:
(TOF MS ES+) m/z 374 (M+H)+. Anal. Calcd. for
C22H19N3OS: C, 70.75; H, 5.13; N, 11.25; S, 8.59. Found: C,
70.46; H, 5.52; N, 10.91; S, 8.94.

4‐(4‐Chlorophenyl)‐2‐(3‐ethylindeno[1,2‐c]pyrazol‐1(4H)‐yl)
thiazole (6h). The compound 6h was obtained as green needle‐
like crystals (benzene), 49% yield, mp 120–122°C; IR (KBr):
CN 1537 cm−1; 1H‐NMR (CDCl3): δ 1.38 (t, 3H, ethyl‐CH3),
2.82 (q, 2H, ethyl‐CH2), 3.64 (s, 2H, 4‐H), 7.22–7.54 (m, 6H,
5′‐thiazole H and ArH), 7.90 (d, 2H, 3″‐, 5″‐H, J = 8.4 Hz) 8.76
(dd, 1H, 8‐H, J = 7.5, 2.70 Hz); ms: (TOF MS ES+) m/z 378.1
(M+H)+, 379.2 (M+2)+, 380.1 (M+3)+, 400.1 (M+Na)+. Anal.
Calcd. for C21H16ClN3S: C, 66.75; H, 4.27; N, 11.12; S, 8.49.
Found: C, 67.07; H, 4.28; N, 10.80; S, 8.79.
ANTIMICROBIAL ACTIVITY

All the 24 newly synthesized compounds 4a–h, 5a–h,
and 6a–h were screened for their in vitro antimicrobial
activity against five microorganisms, two Gram‐positive
bacteria B. subtilis (MTCC 441) and S. aureus (MTCC
7443) and one Gram‐negative bacteria E. coli (MTCC
42) and two fungi C. albicans (MTCC 183) and A. niger
(MTCC 282) by serial tube dilution technique [33] using
two solid media double strength nutrient broth and
Sabouraud dextrose broth for bacterial and fungal growth,
respectively. The stock solutions (100 μg/mL) of all the
test compounds were prepared by dissolving 1 mg of the
test compound in 10 mL of dimethylsulfoxide. Norfloxacin
and Fluconazole were used as reference against bacteria
and fungi, respectively. The fresh cultures were obtained
by inoculation of respective microorganisms in suitable
medium (double strength nutrient broth in case of bacteria
and Sabouraud dextrose broth in case of fungi) followed by
incubation at 37 ± 1°C. The stock solutions of the test
compounds were serially diluted in test tubes containing
1 mL of sterile medium to get the concentration of
50–3.12 μg/ml and then inoculated with 100 μL of suspen-
sion of respective microorganism in sterile saline. The
inoculated test tubes were incubated at 37 ± 1°C for 24 h
in case of B. subtilis, S. aureus, and E. coli, at 37 ± 1°C
for 48 h in case of C. albicans and at 37 ± 1°C for 120 h
in case of A. niger, and their pMICs (−log of MICs) were
determined. MIC, in microbiology, is the lowest
concentration of an antimicrobial agent that will inhibit
the visible growth of a microorganism after incubation.

The reference compounds Norfloxacin and Fluconazole
were also tested under similar conditions to compare the
results of tested compounds. The data for the antibacterial
and antifungal studies are listed in Table 2.
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